Phenotypes of Atopic Dermatitis Depending on the Timing of Onset and Progression in Childhood by Roduit, Caroline et al.
Zurich Open Repository and
Archive
University of Zurich
Main Library
Strickhofstrasse 39
CH-8057 Zurich
www.zora.uzh.ch
Year: 2017
Phenotypes of Atopic Dermatitis Depending on the Timing of Onset and
Progression in Childhood
Roduit, Caroline; Frei, Remo; Depner, Martin; Karvonen, Anne M; Renz, Harald; Braun-Fahrländer,
Charlotte; Schmausser-Hechfellner, Elisabeth; Pekkanen, Juha; Riedler, Josef; Dalphin, Jean-Charles;
von Mutius, Erika; Lauener, Roger Pascal; PASTURE study group; Hyvärinen, Anne; Kirjavainen,
Pirkka; Remes, Sami; Roponen, Marjut; Dalphin, Marie-Laure; Kaulek, Vincent; Ege, Markus;
Genuneit, Jon; Illi, Sabina; Kabesch, Micahel; Schaub, Bianca; Pfefferle, Petra Ina; Doekes, Gert
Abstract: Importance Atopic dermatitis is an inflammatory, pruritic skin disease that often occurs in
early infancy with a chronic course. However, a specific description of subtypes of atopic dermatitis
depending on the timing of onset and progression of the disease in childhood is lacking. Objective To
identify different phenotypes of atopic dermatitis using a definition based on symptoms before age 6 years
and to determine whether some subtypes are more at risk for developing other allergic diseases. Design,
Setting, and Participants The Protection Against Allergy Study in Rural Environments (PASTURE) is
a European birth cohort where pregnant women were recruited between August 2002 and March 2005
and divided in 2 groups dependent on whether they lived on a farm. Children from this cohort with
data on atopic dermatitis from birth to 6 years of age were included. Exposures Atopic dermatitis,
defined as an itchy rash on typical locations from birth to 6 years. Main Outcomes and Measures The
latent class analysis was used to identify subtypes of atopic dermatitis in childhood based on the course
of symptoms. Multivariable logistic regressions were used to analyze the association between atopic
dermatitis phenotypes and other allergic diseases. Results We included 1038 children; of these, 506 were
girls. The latent class analysis model with the best fit to PASTURE data separated 4 phenotypes of
atopic dermatitis in childhood: 2 early phenotypes with onset before age 2 years (early transient [n =
96; 9.2%] and early persistent [n = 67; 6.5%]), the late phenotype with onset at age 2 years or older (n
= 50; 4.8%), and the never/infrequent phenotype (n = 825; 79.5%), defined as children with no atopic
dermatitis. Children with both parents with history of allergies were 5 times more at risk to develop
atopic dermatitis with an early-persistent phenotype compared with children with parents with no history
of allergies. Both early phenotypes were strongly associated with food allergy. The risk of developing
asthma was significantly increased among the early-persistent phenotype (adjusted odds ratio, 2.87; 95%
CI, 1.31-6.31). The late phenotype was only positively associated with allergic rhinitis. Conclusions and
Relevance Using latent class analysis, 4 phenotypes of atopic dermatitis were identified depending on
the onset and course of the disease. The prevalence of asthma and food allergy by 6 years of age was
strongly increased among children with early phenotypes (within age 2 years), especially with persistent
symptoms. These findings are important for the development of strategies in allergy prevention.
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Phenotypes of Atopic Dermatitis Depending
on the Timing of Onset and Progression in Childhood
Caroline Roduit, PhD; Remo Frei, PhD; Martin Depner, PhD; AnneM. Karvonen, PhD; Harald Renz, PhD;
Charlotte Braun-Fahrländer, PhD; Elisabeth Schmausser-Hechfellner, BSc; Juha Pekkanen, PhD; Josef Riedler, MD;
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IMPORTANCE Atopic dermatitis is an inflammatory, pruritic skin disease that often occurs in
early infancy with a chronic course. However, a specific description of subtypes of atopic
dermatitis depending on the timing of onset and progression of the disease in childhood is
lacking.
OBJECTIVE To identify different phenotypes of atopic dermatitis using a definition based on
symptoms before age 6 years and to determine whether some subtypes are more at risk for
developing other allergic diseases.
DESIGN, SETTING, AND PARTICIPANTS The Protection Against Allergy Study in Rural
Environments (PASTURE) is a European birth cohort where pregnant womenwere recruited
between August 2002 andMarch 2005 and divided in 2 groups dependent on whether they
lived on a farm. Children from this cohort with data on atopic dermatitis from birth to 6 years
of age were included.
EXPOSURES Atopic dermatitis, defined as an itchy rash on typical locations from birth to
6 years.
MAIN OUTCOMES ANDMEASURES The latent class analysis was used to identify subtypes of
atopic dermatitis in childhood based on the course of symptoms. Multivariable logistic
regressions were used to analyze the association between atopic dermatitis phenotypes and
other allergic diseases.
RESULTS We included 1038 children; of these, 506were girls. The latent class analysis model
with the best fit to PASTURE data separated 4 phenotypes of atopic dermatitis in childhood:
2 early phenotypes with onset before age 2 years (early transient [n = 96; 9.2%] and early
persistent [n = 67; 6.5%]), the late phenotype with onset at age 2 years or older (n = 50;
4.8%), and the never/infrequent phenotype (n = 825; 79.5%), defined as children with no
atopic dermatitis. Children with both parents with history of allergies were 5 times more at
risk to develop atopic dermatitis with an early-persistent phenotype compared with children
with parents with no history of allergies. Both early phenotypes were strongly associated
with food allergy. The risk of developing asthmawas significantly increased among the
early-persistent phenotype (adjusted odds ratio, 2.87; 95% CI, 1.31-6.31). The late phenotype
was only positively associated with allergic rhinitis.
CONCLUSIONS AND RELEVANCE Using latent class analysis, 4 phenotypes of atopic dermatitis
were identified depending on the onset and course of the disease. The prevalence of asthma
and food allergy by 6 years of age was strongly increased among children with early
phenotypes (within age 2 years), especially with persistent symptoms. These findings are
important for the development of strategies in allergy prevention.
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M ore than 20%of children in industrialized countrieshave atopic dermatitis.1-4 Inmore than60%of thesechildren, the disease started within the first 2 years
of life.5 Even thoughmany childrenwill outgrow the disease,
in others it will persist.6 Atopic dermatitis is considered to be
one of the first manifestations in the atopic march, which de-
scribes the typical progression of clinical symptoms of aller-
gicdiseasesduringchildhood.Several studieshaveshownthat
atopic dermatitis is positively associatedwith asthma.7-9 The
risk of developing asthmaamong childrenwith atopic derma-
titis was shown to be increased by 2 compared with children
with no atopic dermatitis.10
Although there is a strongassociationbetweenatopicder-
matitis and respiratory allergy, the hypothesis of the atopic
marchmight bemore complex. In 2015, it was suggested that
insteadofoneatopicmarch, there are several subgroupsofde-
velopmental profiles of allergic diseases depending on their
onset and natural course.11,12 Therefore, it is important to de-
fine thedifferentphenotypesof atopicdermatitis and toevalu-
ate their associationwith thedevelopmentofotherallergicdis-
eases to develop successful strategies in allergy prevention.
The birth cohort Protection Against Allergy Study in Ru-
ral Environments (PASTURE) offered the opportunity to pro-
spectively investigatewhether different phenotypes of atopic
dermatitis could be identified during childhood based on the
onset andnatural course of thedisease. In this study,weused
the latent class analysis (LCA) to define different phenotypes
of atopic dermatitis based on symptoms reported by the par-
ents frombirth to6yearsof age.We further examinedwhether
subtypes of atopic dermatitis are differently associated with
environmental exposures or familial allergy status and their
association with the development of other allergic diseases.
Methods
Study Design and Population
The PASTURE study is a birth cohort involving children from
rural areas in 5 European countries (Austria, Finland, France,
Germany, andSwitzerland) designed to evaluate risk andpre-
ventive factors for atopicdiseases.13 Pregnantwomenwere re-
cruited during pregnancy between August 2002 and March
2005 anddivided into 2 groups.Womenwho lived on family-
run farmswhere livestockwaskept composed the farmgroup.
Women from the same rural areas not living on a farmwere in
the reference group. In total, 1133 children were included in
thePASTUREbirthcohort.For thisanalysis, 1038childrenwere
includedbecause for 90 children, data on symptomsof atopic
dermatitisweremissing at all times or reported at only 1 time.
Additionally, 5 children could not be assigned to any classes
defined by the LCA, as detailed in the Statistical Analysis
subsection.
The study was approved by the local research ethics
committees in each country (Ethikkommission St Gallen,
Switzerland; Comité de Protection des Personnes, Besançon,
France; The Research Ethics Committee of the Northern Savo
Hospital District, Kuopio, Finland; Ethik-Kommission der
Bayerischen Landesärztekammer, München, Germany; and
Ethikkommission für das Bundesland Salzburg, Salzburg,
Austria), and written informed consent was obtained from all
parents.
Definitions
Questionnaires were administered in interviews or self-
administered to themotherswithin the third trimesterofpreg-
nancy, when children were aged 2 months, 12 months, 18
months, and 24 months, and then yearly until age 6 years.
Feeding practices were reported by parents in monthly dia-
ries in the first year of life.
Childrenwere defined as having symptoms of atopic der-
matitis when the parents reported an itchy rash at least once
since the last questionnaire on at least 1 of the following spe-
cific locations: face, neck, elbow, behind the knees, hand, or
feet.Weused reportsof atopicdermatitis symptomsat7points
(at ages 1 year, 1.5 years, 2 years, 3 years, 4 years, 5 years, and
6 years).
Prenatal contact with farm animals was assumed if the
mother reported contact at least several times per month in
1 of the pregnancy trimesters. Consumption of farm milk
was defined as a consumption of at least a mean of 10 mL
per day.
Childrenweredefined ashaving asthmawhenparents re-
ported at age 6 years that the child had either been diagnosed
by a physician as having asthma at least once or been diag-
nosed by a physician as having at least 2 episodes of spastic,
obstructive, or asthmatic bronchitis in the first 6 years of life.
Obstructivebronchitis is commonlyused todefine the first oc-
currenceof asthmatic symptoms.Additionally,weusedasimi-
lar definition of asthma based on the same reported physi-
ciandiagnosis but reportedonly in the4-year, 5-year, or6-year
questionnaire, independently of the history of asthma in the
first 3 years. Food allergy was defined when the parents re-
ported a physician diagnosis of food allergy up to age 6 years.
Anotherdefinitionof foodallergywasused, alsobasedonphy-
sician diagnosis of food allergy but restricted to childrenwith
reported confirmation by an allergy test. Allergic rhinitis was
definedby thepresenceof symptoms (itchy, runny, or blocked
nose without a cold and associated with red itchy eyes) or a
physiciandiagnosis of allergic rhinitis reported at 6years. The
Key Points
Question Are there different clinical phenotypes of atopic
dermatitis depending on the onset and progression of the disease
in childhood?
Findings In this cohort study, we identified 2 phenotypes with
early onset within the first 2 years of life (transient and persistent
progression) and a late phenotype, with onset after the age of 2
years. Children with an early phenotype of atopic dermatitis,
especially with persistent symptoms, were most at risk to develop
respiratory allergy and food allergy.
Meaning Children developing symptoms of atopic dermatitis in
the first 2 years of life, especially those with food allergy, should
require special attention for respiratory allergy prevention.
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Scoring Atopic Dermatitis (SCORAD) score was assessed dur-
ing the medical examination at 1 year and 6 years of age. Al-
lergen-specific IgE antibodies (Dermatophagoides pteronyssi-
nus,Dermatophagoides farinae, alder,birch,hazel, grasspollen,
rye, mugwort, plantain, cat, horse, dog, alternaria, hen’s egg,
cow’s milk, peanut, hazelnut, carrot, and wheat flour) were
measured in blood among children at age 1 year and 6 years
using theAllergyScreenTest Panel (MediwissAnalytic), asde-
scribedpreviously.14 Sensitizationwasdefined as specific IgE
level of 0.7 IU/mL or more. Positive parental history of aller-
gies was defined as ever having asthma, allergic rhinitis, or
atopic dermatitis.
Statistical Analysis
Longitudinal LCAwasused to identify subtypes of atopic der-
matitis symptomsover time.Childrenhavingnodataonsymp-
toms of atopic dermatitis or reported at only 1 time frombirth
to 6 years of agewere excluded (n = 90). TheAkaike informa-
tion criteria were used to define the number of classes with
the best fit to the data, with the smallest value representing
the most optimal model. The probability for an individual to
belong to each class is estimated based on conditional prob-
abilities of atopic dermatitis at each time given a class mem-
bership. Individualswere assigned to the class forwhich they
had a probability of at least 0.5. Five children were not as-
signed to any classes because all probabilities were less than
0.5 at each time. Therefore, in this study, 1038 children were
included. As sensitivity analysis, LCA was performed among
children with information on atopic dermatitis symptoms at
all 7 points up to 6 years (n = 636).
Multinomial logistic regression for 4-level outcome was
used to investigate the association between exposures and
phenotypes of atopic dermatitis. Logistic regression models
were used to compare the odds of allergic outcomes across
groups defined by atopic dermatitis phenotype. For the
association between exposures and atopic dermatitis pheno-
types, we stratified the analyses by parental history of
allergy, which is a well-known predictive factor for allergic
diseases. Multivariable models were further adjusted for this
variable and the following potential confounders: sex and
breastfeeding because some associations with phenotypes of
atopic dermatitis and other allergic diseases were found; cen-
ter; and farming status as used in the selection of the study
population.
Data analysis was conducted using SAS software, version
9.4 (SAS Institute Inc). Statistical significance was taken as a
2-sided P value < .05.
Results
Characteristics of the Study Population
Onethousandthirty-eight childrenwere included in this study.
The proportion of farmers’ childrenwas 47.7% (n = 495), and
53.4% (n = 551) had at least 1 allergic parent (Table 1). Six hun-
dred thirty-six children had complete data, with information
on atopic dermatitis symptoms reported at all 7 times up to 6
years.No significant differenceswere observedbetween chil-
drenwithcompletedataandthe total studypopulation (eTable
1 in the Supplement).
Latent Class AnalysisWith Atopic Dermatitis Symptoms
Weused LCA to define different phenotypes of atopic derma-
titis based on symptoms from birth to 6 years of age. Four
classeswere identified as the bestmodel fitting the PASTURE
study data, using Akaike information criteria, with the small-
est value representing themost optimalmodel (with 3 classes,
216.41; with 4 classes, 174.78; with 5 classes, 176.71; and with
6 classes, 177.39). We could define 4 different phenotypes of
atopic dermatitis symptoms: the early-transient phenotype
(n = 96; 9.2%), with onset of atopic dermatitis within age 2
years and no further symptoms after age 4 years; the early-
persistent phenotype (n = 67; 6.5%), with onset within age 2
years and the persistence of symptoms until age 6 years; the
late phenotype (n = 50; 4.8%), with onset of the disease after
2 years of age; and the never/infrequent phenotype (n = 825;
79.5%) (Figure 1). Latent class analysis, performed among the
subgroupof childrenwith a complete data set (n = 636), iden-
tified the same phenotypes of atopic dermatitis (eFigure 1 in
the Supplement). The point prevalence of atopic dermatitis
symptoms was similar at the different times from birth up
to 6 years of age: between 11.4% and 16.9% (eTable 2 in the
Supplement).
Associations between SCORAD at 1 year and 6 years and
atopic dermatitis phenotypes showed that the early-
transient phenotype was positively associated with a posi-
tive SCORAD (score >0) only at the age of 1 year and the late
phenotype only at the age of 6 years, while the early-
persistent phenotype was strongly associated with a positive
SCORAD at both times (eTable 3 in the Supplement). The dis-
tribution of SCORAD scores showed an increased proportion
Table 1. Characteristics of Study Population
Characteristic
No. (%)
Total Study
Population
(n = 1038)
Farmer
(n = 495
[47.7%])
Nonfarmer
(n = 543
[52.3%])
Center
Austria 205 (19.8) 96 (19.4) 109 (20.1)
Switzerland 220 (21.2) 97 (19.6) 123 (22.6)
France 188 (18.1) 91 (18.4) 97 (17.9)
Germany 230 (22.2) 109 (22) 121 (22.3)
Finland 195 (18.8) 102 (20.6) 93 (17.1)
Sex
Female 506 (48.8) 242 (48.9) 264 (48.8)
Parents with allergy history
0 481 (46.6) 278 (56.3) 203 (37.7)
1 433 (42.0) 179 (36.2) 254 (47.2)
2 118 (11.4) 37 (7.5) 81 (15.1)
Breastfeeding, mo
0 98 (9.6) 49 (9.5) 52 (9.8)
>0-2 166 (16.3) 71 (14.6) 95 (17.8)
3-6 282 (27.7) 153 (31.4) 129 (24.2)
≥7 474 (46.5) 217 (44.5) 257 (48.2)
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of children with higher score among children with early-
persistent phenotype compared to other phenotypes (eFig-
ure 2 in the Supplement).
Association Between Exposures and Phenotypes
of Atopic Dermatitis Symptoms
Next,we investigatedwhether exposuresduringpregnancyor
first year of life were associated with atopic dermatitis phe-
notypes identifiedbyLCA.Parental allergic statuswasstrongly
associated with early phenotypes, especially the early-
persistent phenotype (eFigure 3 in the Supplement). Chil-
dren having both parents with history of allergy had a nearly
6-fold increased riskofdevelopingearly-persistent atopicder-
matitis compared with children with parents with no history
of allergy (Table 2 and eTable 4 in the Supplement).
Prenatal contact to an increased number of different
farm animal species showed a tendency of a negative asso-
ciation with all phenotypes of atopic dermatitis. Prenatal
exposures to pets (dog or cat) were negatively associated
with the early-persistent phenotype of atopic dermatitis.
This protective effect was observed specifically among the
children with at least 1 parent with history of allergy (eTable 5
in the Supplement).
Afteradjustmentandexclusionofchildrenwithatopicder-
matitis symptoms in the first year of life, no association was
observed between breastfeeding and atopic dermatitis phe-
notypes. The risk of early-persistent atopic dermatitis was
decreased when yogurt was introduced in the first year of
life (eTable 4 in the Supplement). After adjustment and
Figure 1. Estimated Probabilities of Atopic Dermatitis Symptoms
at Each Time Point FromBirth to 6 Years of Age for Each Atopic
Dermatitis Phenotype in the 4-ClassModel
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The prevalences of the phenotypes are 9.2% for early transient (n = 96),
6.5% for early persistent (n = 67), 4.8% for later (n = 50), and 79.5% for
never/infrequent (n = 825).
Table 2. Association Between Exposures and Atopic Dermatitis Phenotypes
Variable
ORa (95% CI)
Early Transient
(n = 96)
Early Persistent
(n = 67)
Late
(n = 50)
Girls vs boys 1.30 (0.85-2.00) 1.84 (1.09-3.10) 1.45 (0.81-2.59)
Allergic parent
2 2.46 (1.27-4.76) 5.35 (2.52-11.36) 2.41 (0.95-6.09)
1 1.36 (0.84-2.20) 2.15 (1.15-4.03) 1.58 (0.83-3.03)
0 1 [Reference] 1 [Reference] 1 [Reference]
Farmer vs nonfarmer 0.86 (0.56-1.34) 1.61 (0.96-2.72) 0.98 (0.55-1.77)
Prenatal exposures
Farm milk during pregnancy vs no farm milk 0.82 (0.47-1.45) 1.38 (0.72-2.64) 1.38 (0.65-2.94)
Unboiled farm milk during pregnancy vs no farm milk 0.73 (0.42-1.28) 1.22 (0.66-2.24) 1.08 (0.52-2.23)
Work/stay in stable during pregnancy vs no exposure 0.99 (0.53-1.85) 0.84 (0.39-1.82) 0.87 (0.37-2.02)
Work/stay in barn during pregnancy vs no exposure 1.26 (0.71-2.22) 1.19 (0.62-2.27) 1.57 (0.74-3.34)
Animal species, during pregnancy, species
3-4 0.55 (0.23-1.35) 0.46 (0.14-1.47) 0.16 (0.02-1.35)
1-2 0.74 (0.43-1.30) 0.71 (0.34-1.47) 0.87 (0.40-1.91)
0 1 [Reference] 1 [Reference] 1 [Reference]
4 Animal species, continuous 0.83 (0.64-1.07) 0.85 (0.61-1.19) 0.95 (0.66-1.37)
Contact with pets (dogs/cats) vs no contact 0.78 (0.49-1.27) 0.44 (0.24-0.81) 0.77 (0.40-1.50)
With cats 1.36 (0.84-2.21) 0.59 (0.32-1.09) 0.95 (0.48-1.86)
With dogs 0.64 (0.38-1.08) 0.66 (0.36-1.18) 1.03 (0.53-1.98)
Postnatal exposures
Breastfeeding, mo
0 0.36 (0.08-1.70) NA NA
>0-2 0.53 (0.17-1.63) 0.29 (0.04-2.33) 0.90 (0.35-2.34)
3-6 1.30 (0.63-2.64) 0.56 (0.18-1.76) 1.23 (0.59-2.53)
≥7 1 [Reference] 1 [Reference] 1 [Reference]
Yogurt introduced before 1 y vs no yogurt 1.04 (0.42-2.52) 0.35 (0.12-1.04) 1.25 (0.49-3.18)
Abbreviations: NA, not applicable;
OR, odds ratio.
a Adjusted for farmer, center, sex, and
parents with history of allergy and
with postnatal exposures; exclusion
of children with symptoms of atopic
dermatitis in the first year of life.
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exclusion of childrenwith atopic dermatitis symptoms in the
first year of life, we still observed a negative association
(Table 2). Introduction of other food items was not associ-
ated with atopic dermatitis phenotypes (data not shown).
Association Between Phenotypes of Atopic Dermatitis
Symptoms andOther Allergic Diseases
Up to 6 years of age, the prevalence of asthma was 8.5%
(n = 78), theprevalenceof food allergywas9.0% (n = 78), and
the prevalence of allergic rhinitis was 7.9% (n = 73) (Table 3).
Asthma
Both early phenotypes of atopic dermatitis showed a ten-
dencyof an increased riskof developing asthma, although the
associationwas strongerwith the early-persistent phenotype
(Table 3). Theproportionof childrenhaving asthmawas 17.5%
amongchildrenwithearly-persistentphenotype (n = 10) com-
paredwith7.5%amongthosewithnever/infrequentatopicder-
matitis (n = 55).Additionalanalyseswithadefinitionofasthma
based on reported physician diagnosis of asthma or obstruc-
tive bronchitis only between 4 and 6 years, independently of
the history of asthma in the first 3 years, showed also an in-
creased risk of developing asthma (adjustedOR, 2.55; 95%CI,
1.10-5.93). No association was observed with the late pheno-
type of atopic dermatitis.
Food Allergy
Early phenotypes of atopic dermatitis were strongly associ-
atedwith food allergy, but late phenotypeswerenot (Table 3).
Additionally, analyseswereperformedwithadefinitionof food
allergy based on physician diagnosis of food allergy, with re-
ported confirmationby anallergy test (48of 834; 5.8%).Using
this definition, we also observed a strongly positive associa-
tionwith early phenotypes (adjustedOR for foodallergy:with
early transient, 3.71; 95%CI, 1.66-8.26; andwith early persis-
tent, 7.79; 95% CI, 3.42-17.73).
Allergic Rhinitis
Childrenwith early-persistent phenotype and thosewith late
phenotype had an increased risk of developing allergic rhini-
tis (Table 3). No significant associationwas observedwith the
early-transient phenotype.
To evaluate the effect of early phenotypes and food al-
lergy separately and combined on asthma and allergic rhini-
tis, we used a variable with 4 categories: children having an
early phenotype (transient or persistent) of atopic dermatitis
or not and having food allergy or not (Figure 2). The children
with only early atopic dermatitis (n = 101) did not have an in-
creased risk of respiratory allergy. On the other hand, chil-
dren with only food allergy (n = 38) had an increased risk of
respiratory allergy. The highest risk to develop respiratory
Table 3. Association Between Atopic Dermatitis Phenotypes andOther Allergic Diseases up to 6 Years of Age
(Asthma, Food Allergy, and Allergic Rhinitis) and Sensitization to Food and Inhalant Allergens at 6 Years
(Cutoff: 0.7 IU/mL)
Variable No./Total No. (%) OR (95% CI) ORa (95% CI)
Asthma 78/923 (8.5) NA NA
Early transient 10/86 (11.6) 1.62 (0.79-3.315) 1.60 (0.77-3.305)
Early persistent 10/57 (17.5) 2.62 (1.26-5.475) 2.87 (1.31-6.315)
Late 3/48 (6.3) 0.82 (0.25-2.735) 0.83 (0.25-2.805)
Never/infrequent 55/732 (7.5) 1 [Reference] 1 [Reference]
Food allergy 78/864 (9.0) NA NA
Early transient 16/80 (20.0) 3.8 (2.02-7.13) 3.69 (1.93-7.035)
Early persistent 19/56 (33.9) 7.8 (4.13-14.72) 7.08 (3.59-13.975)
Late 1/48 (2.1) 0.32 (0.04-2.4) 0.32 (0.04-2.395)
Never/infrequent 42/680 (6.2) 1 [Reference] 1 [Reference]
Allergic rhinitis 73/921 (7.9) NA NA
Early transient 9/86 (10.5) 1.82 (0.86-3.88) 1.90 (0.88-4.115)
Early persistent 12/57 (21.0) 4.16 (2.05-8.42) 4.04 (1.82-8.955)
Late 8/48 (16.7) 3.12 (1.38-7.07) 3.23 (1.37-7.615)
Never/infrequent 44/730 (6.0) 1 [Reference] 1 [Reference]
Sensitization to food allergens at 6 y 220/741 (29.7) NA NA
Early transient 13/64 (20.3) 0.62 (0.33-1.17) 0.70 (0.36-1.365)
Early persistent 18/46 (39.1) 1.57 (0.85-2.91) 1.48 (0.76-2.865)
Late 18/43 (41.9) 1.76 (0.93-3.30) 2.06 (1.05-4.035)
Never/infrequent 171/588 (29.1) 1 [Reference] 1 [Reference]
Sensitization to inhalant allergens at 6 y 240/741 (32.4) NA NA
Early transient 20/64 (31.3) 1.05 (0.60-1.83) 1.12 (0.63-1.975)
Early persistent 26/46 (56.5) 2.99 (1.63-5.51) 3.36 (1.78-6.355)
Late 216/43 (37.2) 1.37 (0.72-2.60) 1.51 (0.79-2.915)
Never/infrequent 178/588 (30.3) 1 [Reference] 1 [Reference]
Abbreviations: NA, not applicable;
OR, odds ratio.
a Adjusted for farmer, center, sex, and
breastfeeding.
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allergy was among children with both (n = 30) (adjusted OR
for asthma, 8.61; 95% CI, 3.68-20.18; and OR for allergic rhi-
nitis, 18.03; 95% CI, 7.60-42.77).
Atopic Sensitization
Sensitization measured at 6 years showed positive associa-
tions between the early-persistent phenotype and sensitiza-
tion to inhalant allergens andbetween the latephenotype and
sensitization to food allergens (Table 3).
We additionally investigatedwhether sensitization at the
age of 1 year could predict the phenotypes of atopic dermati-
tis andfoundastrongassociationbetweensensitization to food
allergens and the early-persistent phenotype (eTable 6 in the
Supplement). No associationswere found between sensitiza-
tion to inhalant allergensat 1year and thephenotypesof atopic
dermatitis.
Discussion
In this study, we identified 4 different phenotypes of atopic
dermatitis using the LCAwith atopic dermatitis symptoms at
7 different times in childhood. These phenotypes are charac-
terizedby theageofonsetof first symptomsandnatural course
of the disease from birth to 6 years of age. We define 2 phe-
notypeswithearlyonsetwithinage2years,with transient and
persistent progression; a late phenotype, with onset after the
ageof 2 years; andaphenotype including childrenmainly free
of symptoms.
Althoughearlymanifestationof atopicdermatitiswaspre-
viouslydescribed, toourknowledge, this isoneof the first stud-
ies using the LCAmethod with data from a large birth cohort
study todefine atopic dermatitis phenotypes. Thismethodal-
lowsus to confirm that different phenotypes of atopic derma-
titis could be defined by the timing of onset but also by their
progression during childhood.
Themajor findingsof this studyare thatonly childrenwith
earlyphenotypesof atopicdermatitisdeterminedbyLCAhave
an increased risk for developing asthma and food allergy.
Early-transient and early-persistent phenotypes are similar
regarding their positive associations with other allergic out-
comes, although stronger with the early-persistent pheno-
type. The late phenotype seems to be different, being only
associated with allergic rhinitis and not with asthma or food
allergy.
There aremany factors associated with the development
of asthma.Genetic factors are clearly important, but thepres-
ence of atopic dermatitis is also recognized as a risk factor and
isamajor criterionofvalidatedasthmapredictive index.15Con-
sistentwithour results, itwas alsoobserved that childrenwith
an early onset of atopic dermatitis had an increased risk tode-
velop asthma, in contrast to children with later onset.7,9,16-18
Latent class analysis is awell-known statisticmethod and
was already used in several birth cohorts to define pheno-
types of wheeze in childhood.19-22 In 2016, LCA method was
also used to identify phenotypes of atopic sensitization.23,24
Toour knowledge, this is oneof the first studiesusing theLCA
method to evaluate different subtypes of atopic dermatitis in
childhood. The strengths of this study are the large popula-
tion design of the PASTURE study and the repeated data on
atopicdermatitis symptoms,prospectivelycollected frombirth
to school age,which give the opportunity to use thismethod.
Our findings indicate thatbothgenetic andenvironmental fac-
tors influence the course of atopic dermatitis differently de-
pendingon thephenotype.The familyhistoryof allergy shows
a positive association with all phenotypes of atopic dermati-
tis determined by LCA but stronger with the early-persistent
phenotype. In the same study population, we already re-
ported an increasedprevalence of early-onset physiciandiag-
nosis of atopic dermatitis among children at high risk and not
of atopic dermatitis with onset after age 1 year.25 Consis-
tently, another birth cohort showed that parental atopy was
positively associatedwith atopic dermatitiswithonsetwithin
the first 2 years of age.9
We found only weak associations between environmen-
tal exposures and phenotypes of atopic dermatitis. Previ-
ously, we reported that prenatal farm animal contact was as-
sociated with a lower risk of physician diagnosis of atopic
dermatitis.26 In this study, prenatal exposure to an increased
number of farm animal species had a tendency to be protec-
tive against all atopic dermatitis phenotypes. A protective ef-
fect of prenatal exposure to petswas shownonly on the early-
persistent phenotype and specifically among children with
allergic parents.
Previously,wehave shownapotential protective effect of
yogurt’s consumption in the first year of life on physician di-
agnosis of atopic dermatitis andother allergic diseases.25,27 In
this study,we could show that this protective effect of yogurt
in the first year of lifewas only on the early-persistent pheno-
type of atopic dermatitis.
Our results showed that childrenwith an early-persistent
phenotype are most at risk to develop respiratory allergy.
Therefore, children developing symptoms of atopic dermati-
tis before age 2 years with a positive food sensitization, being
Figure 2. Association Between Early Phenotypes of Atopic Dermatitis
(AD) CombinedWith Food Allergy (FA) and Asthma and Allergic Rhinitis
0.1 51.225.612.8
Adjusted OR for Asthma
6.43.21.60.80.40.2
AsthmaA
No Early AD and No FA
Only Early AD
Only FA
Early AD and FA
0.1 51.225.612.8
Adjusted OR for Allergic Rhinitis
6.43.21.60.80.40.2
Allergic rhinitisB
No Early AD and No FA
Only Early AD
Only FA
Early AD and FA
A, Asthma. B, Allergic rhinitis. Odds ratios adjusted for farmer, center, sex,
and breastfeeding. Early AD indicates both early phenotypes combined,
early-transient and early-persistent.
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associated with persistent atopic dermatitis, should be a fo-
cus group for respiratory allergyprevention.One simple strat-
egy couldbebasedon thediet, suchas recommendationof in-
troductionof yogurt in first year of life,whichweshowedhere
to be a protective factor on the early-persistent phenotype.
Moreover,weobserved that childrenhavingboth anearly
phenotypeofatopicdermatitis and foodallergyhadaveryhigh
risk of developing asthma or allergic rhinitis. This finding is
of great importance because atopic dermatitis and food al-
lergy arediseases appearingoften in early childhood,with the
hypothesis that childrenwithatopicdermatitis aremoreprone
to develop sensitization to food allergens owing to a defect of
skin barrier among those children.28,29 Children developing
those diseases in early lifemight require special attention for
prevention strategiesof respiratoryallergy.Moreover, itwould
be important to further find immunologic markers for these
clinical phenotypes of atopic dermatitis because it was sug-
gested that among atopic children, there are different immu-
nological phenotypes.30
Limitations
Although LCA is a robust statistical method, misclassifica-
tionof atopic dermatitis between the classesmight be consid-
ered.Nevertheless,objectivemeasurements, suchas theevalu-
ationofSCORADscore,performedduringmedicalexamination
at 1 year and6years of age, showed consistencywith our clas-
sificationofatopicdermatitisphenotypes.Definitionofasthma
based on reported physician diagnosis might lead to an un-
derestimation of the prevalence of these diseases and there-
foremight bias the associationwith atopic dermatitis pheno-
types toward the null. However, we found a strong positive
association between early-persistent phenotype and asthma.
Definition of food allergy based on reported physician diag-
nosismight includefood intoleranceordelayedreaction,which
most likely leads toanoverestimationof theprevalence.There-
fore, we used a second definition also based on physician di-
agnosis of food allergy but only including children with re-
ported confirmation by allergy test and the results were very
similar with both definitions. Owing to the limitation of the
definition of food allergy, one explanation of the strong posi-
tive association between the early-persistent phenotype and
food allergymight be that some childrenwith this phenotype
of atopic dermatitiswere sensitized to food allergenswithout
clinical significance.
Conclusions
In conclusion, among a birth cohort study, using the LCA
method, we identified 4 different phenotypes of atopic der-
matitis symptoms in childhood, depending on the age of on-
set and natural course of the disease. Children with early
phenotypes, especially with persistent symptoms, have an
increased risk of developing other allergic diseases, and hav-
ing additional food allergy substantially increases this risk.
These results might give hints for future development of
prevention strategies such as using precision medicine
approaches.
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